THv. accurate establishment of age groups of animals is an important phase of many ecological studies. In experimental management programs whose prime consideration is to measure yearly popuIation trends, the ability to distinguish age classes has a special significance. It is often possible from an analysis of a fall population to make some evaluation of the extent of the previous spring and summer breeding and the subsequent survival of young.
The increased spur length of cock pheasants, while generally recognized as being indicative of old birds, has apparently not been sufficiently investigated to establish its real value as a criterion of age.
The hunting-season data here compiled were obtained through the co6perative efforts of a number of former members of the Kose Lake staff to whom grateful acknowledgement is made. Of these, Charles T. Black I wish particularly to thank Durward L. Allen, Biologist in charge of the Rose Lake Station, for his help and advice throughout the study. The work on game-farm birds was facilitated through the co6peration and interest of game-farm Superintendent Walter Van Dien and members of his staff. Assistance in making statistical computations was given by Miriam Geboo; the sketch shown in Textfigure 1 is by Oscar Warbach.
BURSA OF FABRICIUS
At its height of development in the pheasant, the bursa is a thickwailed, sac-like structure, approximately 20-30 mm. in length, and lying dorsal to, and at the extreme posterior end of, the large intestine. The full function of the organ is obscure; it has been recognized that the bursa consists largely of lymphoid tissue, and that it operates in a hematopoietic manner. However, various considerations point to it as being primarily of endocrine function. The fact that it exhibits its greatest development at the beginning of division of the sex cells and disappears coincident with sexual maturation (Jolly, 1915) makes it available as an age determiner. The structure, when present, may be easily and rapidly viewed in dead pheasants by making a lateral incision into the coelom at a point about half an inch behind the posterior margin of the cloacal fringe. Drawing the large intestine part way through the opening will then reveal the bursa. The works of Jolly (1915), Boyden (1922), and Gower (1939) give more detailed consideration to the structure.
Determining the age of pheasants without dissection is accomplished by probing the bursa through its opening, which is located on the dorsal median surface of the cloaca (Text- fig. 1 Due to differences in feed, activity, etc., there existed the possibility that the game-farm birds used in the study would not have developmental rates the same as wild birds. This was further suggested by the fact that evidences of sexual maturity were noted among the captives somewhat earlier than among wild birds. It is doubtful, however, that differences in the rate of bursa disappearance between captive and wild birds was appreciable. Sufficiently large numbers of wild-trapped birds were not available through the entire study to observe whether or not differences did exist, but in a series of thirty January hens taken by live-trapping, the average bursa measurement was found to be practically identical with that found for game-farm birds at about the same period.
The bursa proper was easily recognizable by dissection in early December pheasants (both wild and captive), but the structure could be distinguished only with difficulty in the few late January and early February captive specimens which were examined. The remnant of the bursa was at this later date membranous in appearance, and could be distinguished from surrounding mesenteries only by probing through the cloacal opening and following the path of the probe. On the basis ooe these examinations it appeared that, after early January, judging age solely by dissection for the bursa would require careful interpretation. Although recognition of the bursa proper was difficult in the few birds examined in January and early February, the membranous vestige and its opening into the cloaca continued evident by probing for another two to three months in most specimens. A series of monthly observations on captives for the period January to May, showed that the opening into the cloaca was still present in all birds in February. However, the length was found to be less than 5 min. in a few cocks by the middle of January and in several hens by a month later.
It that at least a portion of the bursa was still present in all yearling hens during February, and in all yearling cocks until March. Also, to the middle of March, a substantial majority of both sexes still had ducts over 5 min. in length. From these notes it is indicated that in early spring most adults are characterized by a completely closed duct, and most of the yearlings by the presence of a bursa over 5 mm. in extent. Consequently, it should still be possible to distinguish most yearling birds from adults over a year old as late as March.
The average rate of closure of the bursa through winter and early spring appears as a uniform progression (Text-fig. 4 ). The banding of all animals at the first examination made it possible to follow the same process in individuals, and while a similar gradual shortening of the bursa was found for most birds, it was not true in all cases. A few exhibited extreme conditions of closing rapidly over a short period ooe time, while in others the bursa shortened comparatively birds were 12 mm. or under. Statistical analysis of this series of measurements for the two years showed the results to be highly significant. The average and extreme measurements of both age classes for two years are given in Table 1. It can be shown statistically that on a curve of normal distribution, 99.7 per cent of all cases will fall within limits set by three standard deviations of the mean. Applying this to the groups of data shown in Table 1 (also Text-figs. 5 and 6) it is found that in 1940 the lower limit of adult spur measurements (three standard deviations below the mean) is 9.74 mm. On the basis of the above series of measurements, 99.7 per cent of all adult spurs in an infinite sample would theoretically fall above the limits of 9.74 mm. The extreme upper limit of juvenile spur measurements is, on this same basis, found to be 12.88 mm. for an infinite sample. Since practically all adult spurs would be greater than 9.74 mm., it follows that any measurement below that would indicate a juvenile. All (99.7 per cent) of the juveniles in an infinite population should theoretically fall below the extreme length of 12.88 mm., and, conversely, any spur length falling above that point would be an adult. The zone encompassed by the lengths 9.74 min. to 12.88 mm. would, statistically, nearly completely cover the overlap of age groups in an infinite population. A similar statistical manipulation of measurements, taken the year following, establishes the lower limit of adult spur lengths at 10.51 min. and the upper limit of juvenile length at 14.14 ram. In this case. practically all individuals with spurs less than 10.51 mm. would be juveniles and all those over 14.14 mm., adults. It is evident from the foregoing that cock birds in the fall of the year form mutually exclusive age groups on the basis of spur length alone. However, the differences in average length of spur found for the same age classes in the two years makes apparent a source of error that might be encountered in attempting to formulate indices by which age distinctions for all birds could be made in any given year. The rate and extent of spur development quite possibly are affected by geographical, and almost certainly by yearly climatic, differences. An example of the apparent effects of the latter is to be seen in the smaller average and extreme spur lengths recorded in 1940 (Text-figs. 5 and 6, and Table 1 Studies on spur development, using a series of captive juvenile birds, indicated the process to be gradual with a possible slight acceleration of growth in early spring coincident with sexual maturation and mating (Text-fig. 7 ). By the middle ooe January the spurs of a few individuals had begun to assume the characteristic adult appearance, and by the latter part of April about half ooe them looked like adult spurs but had not reached the size found for the ['Auk L July average fall adult. As late as early May, over half of the birds studied could still be recognized as juveniles of the year previous on the basis of spur length. Thirty of fifty-four males handled at this time had spurs under 11 mm., or smaller than the shortest adult spur found in the fall of the two previous years.
SUMMARY
Methods for the fall aging of either living or dead pheasants by relatively simple means are described. An evaluation of these techniques which utilize the bursa of Fabricius in either sex, and the length and appearance of spurs in the males, can be summarized as follows:
The bursa of Fabricius was found to persist in all juvenile pheasants (birds of the year) into December. The occurrence of this structure indicates juvenility and its presence can be verified by probing through its opening in the dorsal median wall of the cloaca. The bursa is absent in all birds over one year old and in this study its absence was indicated in most adults by the fact that the former opening into the cloaca was completely grown over. Although the opening and a small vestige of the bursa were noted in a few old birds, these could easily be distinguished on the basis of the comparative lengths of the bursa remnant. In the fall of the year, adults in which the opening remained showed a bursa depth of $ mm. or less, whereas probing revealed a bursa depth of over 16 mm. in 90 per cent of the juveniles and in none Under 10 mm.
Monthly examinations of captive birds indicated that the bursa opening was still present in all juveniles in February. However, the length of the duct had been reduced to less than 5 mm. in a few cocks by January and a few hens by February. Consequently, a small minority of the juveniles had, by these dates, approached a condition similar to that found in fall adults. This condition would nullify attempts to make age determinations for a few birds after January by using this criterion alone.
The length, shape, texture, and color of spurs were observed to be sufficiently different between young and old birds in the fall to permit accurate aging of practically all cocks. Spur length in itself was found to serve as an indicator of age for many fall birds. Some overlap was found between a few minimum adult measurements and maximum juvenile measurements in both years of the study. Similarly, the average spur lengths for given age groups was found variable in different years. Consequently, age determination, using spur lengtl{ alone, should be done with some circumspection and doubtful specimens checked by reference to other characters. Additional spur con-
